Dieta y parásitos del pez insular Scartichthys variolatus (Blenniidae) de la Isla Robinson Crusoe, Chile: ¿qué tanto difiere con la de dos congéneres continentales?
IntroductIon
Each species belongs to a determined ecosystem and performs an important role within it. This role can be elucidated by establishing the types of interspecific relationships among the species of a certain habitat. In this context, the analyses of diets and parasites of species, allow the revealing parts of its function and importance in its community, and therefore, within the ecosystem.
Dietary studies of some taxonomic groups of organisms have allowed the understanding, for instance, of the trophic relationships among species (Angel & Ojeda 2001) and the effects of predation on community structure (Town 1980 , Ojeda & Muñoz 1999 , whereas parasitological studies allow us to investigate other aspects, such as trophic position of a host (Marcogliese 2003) , the relation of parasites and the diet through host ontogeny (e.g., Muñoz et al. 2002 , Amundsen et al. 2003 , use of the habitat and geographical distribution (Marcogliese & Cone 1997 , Lafferty et al. 2008 , and phylogenetic relationships between the hosts and their parasites (Poulin 1995 , Vickery & Poulin 1998 ).
In addition, dietary and parasitological studies provide basic biological knowledge about any species, and an understanding of the importance of their function and position in their habitats. Thus, it is surprising that these aspects have not been studied in many species yet. Particularly, worldwide fishes have been the most studied group of vertebrates with different kinds of scientific approaches, as aquaculture, fisheries, marine ecology and biotechnology (Muñoz & Ojeda 1997) . Nevertheless, fishes from insular ecosystems are hardly known because they are not abundant, and this makes sampling difficult. Besides, most such species do not have commercial importance, and that implies a low financial interest for fishing industries to gain knowledge about them (Pequeño & Sáez 2004) .
The present study considers the insular fish species Scartichthys variolatus, commonly called "borrachilla moteada". This blenniid fish inhabits mainly the intertidal and subtidal rocky zone, although it can reach down to 20 m depth. This species is distributed only around Juan Fernández Archipelago and Desventuradas Islands, in central and northern Chile, respectively. However, other Scartichthys species are distributed along the South American Pacific coast. It is known that insular systems have lower species diversity than habitats from continental systems. This observation has been based on the hypothesis that the colonization of an island by new species depends on the distance between that island and the continent (MacArthur & Wilson 1967) . Normally, dispersal strategies differ among species, being active (mobile organisms) or passive (organisms that depend on winds, currents or other organisms to move), so for distant new habitats, initial colonization is the most difficult matter. We can expect that diet and parasites of insular hosts are less diverse than those of congeneric continental hosts. Congeneric continental species, S. viridis and S. gigas, count with several studies of diet (Ojeda & Muñoz 1999 , Berríos & Vargas 2004 and parasites (Díaz & George-Nascimento 2002 , Flores & George-Nascimento 2009 , Muñoz & Cortés 2009 , Muñoz-Muga & Muñoz 2010 . The diet of these fishes is mostly based on algae, and metazoans parasite richness has been ranged between 8 (Díaz & George-Nascimento 2002) and 14 species (Muñoz-Muga & Muñoz 2010) . The biology of Scartichthys variolatus is completely unknown. There has also been another species, S. crapulatus recorded for a specific locality in central Chile; however, the validity of this species is in doubt due to its morphological similarity to S. viridis (Williams 1990) , so this species is not considered in this study. Therefore, the main objectives of this study are: 1) to analyze the dietary and parasitic composition of S. variolatus and 2) to determine if the diet and parasites of this fish differ from its two congeneric species.
MaterIal and Methods
A total of 52 specimens of Scartichthys variolatus were collected between February and March 2008 (n = 37), and between February and April of 2009 (n = 15), from the rocky intertidal zones of two close localities, Muelle de Piedra and El Palillo, off Robinson Crusoe Island located within Juan Fernández Archipelago (33º40'S, 79º00'W), at approximately 700 km from the coast of central Chile (Fig. 1 ). Fish were captured in the intertidal rocky pools by hand and nethands, during low tide. The specimens collected were taxonomically identified using the key for description of Scartichthys species provided by Williams (1990) . After that, the fishes identified as S. variolatus, were individually placed in plastic bags, and then frozen to be transported to the laboratory, at Universidad Andrés Bello, Santiago (continental Chile). Subsequently, the fish were defrosted, measured for total body length (0.1 cm precision), and then diet and parasites were analyzed according to the following procedures:
dIet analysIs
The digestive tract of each fish was removed separated from the body and then dissected. The content was sifted in a filter net (0.5 µm mesh size). The food content was then collected and kept in vials in 10% formalin. When possible, the identification of each dietary item was to species-level, and supported by scientific articles on the intertidal biodiversity of the Juan Fernández Archipelago published by Ramírez & Osorio (2000) . Food items of each fish were weighed to a precision level of 0.01 g.
The frequency of occurrence (FO) and weight (W) of each food item was calculated. Both indices were expressed in percentage and were only considered for individuals with food contents in the gut (Hyslop 1980) . The percentage similarity index, PSI (Hallacher & Robert 1985) and that Jaccard's index (J) (Brower & Zar 1984) were used to compare the diet of S. variolatus between 2008 and 2009 in order to determine the similarity of both samples. The percentage of similarity index is defined as: PSI = SUM (min P i ), where P i = to the proportion of W or FO of an i food item respect to total W or FO in the fish sample. Jaccard´s index is defined by the following equation: Jaccard = a/ (a + b + c), where "a" is assigned when an item is present in both samples, "b" is assigned when an item is present in one of the samples (i.e., year 2008) and "c" when it is present only in the other sample (i.e., year 2009). Values of both indices, PSI are between 0 and 100 %, and Jaccard is between 0 and 1, corresponding to the lowest or highest similarity, respectively, between samples.
analysIs of parasItes
Each fish was examined for parasites: body surface, fins, oral cavity and gills were examined for ectoparasites, whereas digestive tract, muscles, and visceral organs were examined for endoparasites. All the parasites obtained were preserved in 10% formalin prepared in saline solution. The infracommunity descriptors utilized for this study were prevalence (percentage of hosts parasitized) and intensity (number of parasites per host parasitized only) (Bush et al. 1997) .
The prevalences of parasitic species were compared with different years by a contingency table of 2x2 through a Fisher´s Test (Zar 1996) . The parasitic intensity was not compared with different years given to the low number of fish parasitized. dIet and parasItes of ScartichthyS spp.
Diet information for S. viridis and S. gigas was obtained from Ojeda & Muñoz (1999) and Berríos & Vargas (2004) , whereas the parasitological information of these two species was obtained from Díaz & George-Nascimento (2002) and Flores & George-Nascimento (2009). We did not considered the information given by Muñoz-Muga & Muñoz (2010) because they recorded new parasites species that may be overlooked in previos studies. There is information of parasites in localities from the northern and central Chile for S. viridis, so both studies were considered for the present analysis (Table 1 ). The PSI was calculated for frequency of occurrence of the food items, prevalence and mean of parasitic intensity, to know how similar Scartichthys spp. in diet and parasites are. Moreover, cluster analyses, through the similarity coefficient of Bray Curtis and the single link algorithm (McGarigal et al. 2000) , were also performed on these biological information previously transformed (arcsin(x) for %FO of diet and prevalence of parasites; log 10 (x) for parasitic intensity). Then, a dendrogram display was constructed to show the percentage of similarity, in diet and parasites, among the three Scartichthys species used in these analyses.
Results
The total length of S. variolatus ranged between 5.6 and 23.6 cm. There was a high frequency of fish measured between 5 and 10 cm in body length (n = 24), and between 11 and 18 cm (n = 18). The dietary spectrum of S. variolatus was composed of 15 items, predominantly represented by algae (W% = 98.9%), and the remainder by invertebrates ( (Table 2) . Similarly, the PSI had a high value between years when considering the frequency of occurrence (PSI = 100) and the weight of food items (PSI = 90).
Only two fish specimens (3.85% of prevalence), from the sample 2009, were parasitized out of 52 specimens examined. These two specimens had 20.2 and 23.1 cm of body length. Only six parasite individuals were collected, all of them belong to one species, the nematode Pseudodelphis (Ojeda & Muñoz 1999) , whereas Chaetomorpha firma comprised 26.2 %W in S. variolatus and 0.1% in S. viridis. The diet between S. gigas (see Berríos & Vargas 2004) and S. variolatus differed in %FO for several food items, such as Chaetomorpha sp., Ulva sp., Gelidium sp., Pterocladida sp. and Ectocarpus sp. Invertebrates, although relatively frequent in Scartichthys spp., are small prey and are always in a low number, so these items are not important diet components for these fishes. The dietary differences observed among Scartichthys spp. may be due to food selectivity, as it has been demonstrated for S. viridis (Ojeda & Muñoz 1999) . Normally, congeneric species differed in ecological aspects at some degree, such as distribution and diet, because those reduce the competition among them. However, distribution and abundance of algae may be affected by environmental conditions, which consequently contribute to differential consumption of alga taxa among fish species and localities.
The parasite species richness of S. variolatus was low, being represented by only a single nematode specie (Pseudodelphis chilensis, also referred to as Spirurida gen. chilensis, recently described by . No significant difference was found in the prevalence of the nematode between the two sampling years, 2008 and 2009 (Fisher´s Test, P = 0.08). The average intensity of the nematode was three.
Relating to the analyses of similarity of the diet and parasites among Scartichthys spp., we found that S. variolatus had a diet more similar to S. viridis (58.9%) than S. gigas (27.8%) (Table 2) whereas the parasite composition was more similar between S. viridis and S. gigas, but both species greatly differed in parasites from S. variolatus (Table  3 ). These observations are also supported by the cluster analyses; medium similarity in diet among species ( Fig. 2A) , but different parasitic intensity and prevalence of infection in S. variolatus than in the other two species, independent of these two fishes being from different localities (Fig. 2B, C) .
DIscussIon
Scartichthys variolatus is essentially herbivorous, similar to other two congeneric species in algal composition of its diets (Ojeda & Muñoz 1999 (Muñoz & Cortés 2009 , Muñoz-Muga & Muñoz 2010 . Particularly, S. viridis is an intertidal fish species with one of the highest parasite richnesses (Muñoz & Cortés 2009) . In order to understand why S. variolatus has few parasites, we could consider the diversity of the diet and insular locality of the fish. Some studies have found a relation between diet and parasite composition in fish (e.g., Muñoz et al. 2002) .
Usually, invertebrates (specifically crustaceans) transmit endoparasites to fish, so when there are differences in crustacean composition in the host diet, there are differences in parasite composition as well (see Marcogliese 2003) . However, Scartichthys spp. are herbivorous fish and their dietary differences are upon algae rather than invertebrates, so diet can not explain about differences in parasite diversity of these fish. We do not know the importance of algae in parasite transmission, although there are studies reporting that algae can contain some parasitic larval stages (Fels 2005) whereas other non-organism substrata may also be important for larval parasite transmission (Prinz et al. 2009 ). Unfortunately, life cycles of the parasites found in Scartichthys spp. are completely unknown, which makes difficult to figure out parasite transmission paths through Table 2 . Indices for weight (%W) and frequency of occurrence (%FO) of all diet items found in S. variolatus, for 2008 and 2009 and the total data / Indices de peso (%W) y de frecuencia de ocurrencia (%FO) de todos los itemes dietarios encontrados en S. variolatus, para los años 2008 y 2009 y el total de datos the host diet. Therefore, locality, focusing mainly in characteristics of insular and continental systems, could explain more about differences in parasites than considering the fish diet.
There are physical differences between insular and continental systems, such as currents, topography, oceanographic features, which affect the diversity of parasites. On one hand, the environmental characteristics first affect ectoparasites because they are directly in contact with the external host environment, usually this is detected by decreasing abundance or absence of ectoparasites (Kabata & Ho 1981 , Rohde & Heap 1998 . Ectoparasites were not found in S. variolatus, although they are common in two congeneric species from the continent (Flores & George-Nascimento 2009, Muñoz-Muga & Muñoz 2010 ). On the other hand, the parasite diversity is a reflection of the free-living species diversity in the place where a host lives because transmission of most parasites imply several hosts, so the greater species diversity, the greater parasite richness might also be (Poulin 2007 , Luque & Poulin 2007 .
The coast of continental central Chile as well as Robinson Crusoe Island, from where the fishes were obtained for this study, has been characterized as a zone with great Table 3 . Percentages of similarity for diet (%FO for each food item) and parasite species (mean intensity and % of prevalence) among Scartichthys spp. The values are between 0 and 100 meaning the lowest and highest similarity respectively. NC: northern Chile, CC: central Chile; ICC: insular central Chile, are the localities where the biological information of fishes was from / Porcentajes de similitud para la dieta (%FO para cada ítem dietario) y las especies parásitas (intensidad media y % de prevalencia) entre las especies de Scartichthys spp. Los valores oscilan entre 0 y 100 indicando la más baja y más alta similitud respectivamente. NC: norte de Chile, CC: Chile central, ICC: Chile central insular Table 3 / Dendrogramas de similitud entre 3 especies de Scartichthys spp., basado en: A) dieta (%FO de cada ítem), y las especies parásitas, B) intensidad media y C) prevalencia. Abreviaturas de localidades en Tabla 3 macroinvertebrate and algae diversity (see Lancellotti & Vásquez 2000 , Ramírez & Osorio 2000 . However, several littoral species have different distribution between the continent and the island, and some common species in the continent, such as bivalves and grey algae, are not present at the Island (Ramirez & Osorio 2000) . Different species composition and spatial distributions of the free-living species between localities may create different interactions and trophic webs, affecting parasite composition. On the other hand, Juan Fernández Archipelago, to which Robinson Crusoe Island belongs, is characterized by a singular system of marine currents (Pequeño & Sáez 2000) that limit the distribution of S. variolatus with their continental congeneric species, so interactions among these fishes, and between fish and parasites, are infrequent. Moreover, parasite communities are prone to local extinction (Rohde 1984 , Poulin & Morand 2004 , Poulin 2007 , and these communities can be recovered if they are close to other sources (i.e., localities, hosts) that can collaborate with new parasite specimens (MacArthur & Wilson 1967) .
Scartichthys gigas is distributed from Panamá to northern Chile, S. viridis is distributed from Peru to central Chile, and S. variolatus is distributed only off islands of Chile (Juan Fernández Archipelago and Desventuradas Islands), so there is an overlap in distribution only between S. viridis and S. gigas, and none with S. variolatus (Williams 1990) . It is probable that the long distance migration of an ancestral Scartichthys species to the island isolated specimens with then speciated into another distinct species, S. variolatus, which likely kept few parasites during its migration (see discussion about parasites speciation during migration of Merluccius spp. in Kabata & Ho 1981) . Although, there are a few studies about parasites from continental and insular hosts (Rohde 1984 , Cressey 1986 , Jones 1988 , Pardo-Gandarillas et al. 2007 , there are many studies on mammals and birds which support the idea that species richness is lower in islands than the continent (MacArthur & Wilson 1967 , Carrascal & Palomino 2002 , Stephens & Wiens 2003 .
In conclusion, this study has shown that an insular fish species differs markedly in the composition of its parasitic fauna with respect to the congeneric continental species, even though these fishes have a relatively similar dietary composition composed largely of algae. Possibly, the Scartichthys ancestor lost most of its parasites during the migration to the islands, although if the parasites persisted during host dispersal, settlement and adaptation of the parasites in a new environment may not have been successful. Then, biotic and abiotic characteristics of the island could have negatively affect survivorship of those parasites that are normally found in continental Scartichthys spp.
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